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Abstract
In this paper, we investigate the effects of upstream turbulence on the free shear layer of a jet. It
is well established that the initial conditions at the jet nozzle inlet can have strong influence on the
formation of free shear layer downstream after the jet nozzle. In particular, a laminar type boundary
layer from the nozzle would often result in higher Reynolds stresses in the initial jet shear layer which
in turn leads to higher jet noise level in the far field[1]. A sketch of the flow is illustrated in Figure 1a.
The test case has a Mach number of 0:9 at the nozzle exit and the Reynolds number around 50; 000.
We try to look at the upstream turbulence in two different ways: near-wall turbulence (NWT) from
the boundary layer and the free-stream turbulence (FST) across the inlet. The NWT is generated
using a precursor recycling type method by Lund[2] as illustrated in Figure 1b. The computational
domain corresponds to one boundary-layer thickness in the wall-normal direction of the pipe nozzle,
and recycling boundary conditions are applied in the streamwise direction for the fluctuations, while a
no-stress boundary condition is applied at the upper boundary.
On the other hand, the FST is generated using a synthetic type method (see Figure 1c for sketch).
Eddies with prescribed first and second order statistics are randomly seeded close to the inlet and
convected with the free stream[3]. The velocity fluctuation at a specific point on the inlet surface is
therefore calculated by a sum of the influence from all eddies,
u0i;m =
1p
N
NX
k=1
cki fk(x
m   xk) (1)
where N is the total number of eddies, x is the position of the point, xk is the central location of the eddy
k. The corresponding velocity amplitude is calculated by cki = aijkj , in which kj is a random number
with zero mean and unit variance and aij is the Cholesky decomposition of the Reynolds stresses Rij
that reads,
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The velocity distribution fk(xm   xk) is defined by the volume of the virtual box VB , the size of the
eddy k and the shape function of the eddy f(x) following,
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The numerical methodology features a LES approach with a wall adapting  SGS model[4]. The jet
shear layer will be assessed in the presence of NWT and FST. The peak Reynolds stresses in the near
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Figure 1: Sketches of (a) the flow, (b) NWT generation, (c) FST generation.
nozzle jet shear layer, TKE spectrum and near-field pressure signal and spectrum are examined. Both
will be compared with a baseline no-inflow-turbulence case.
Two different approaches for the parallelism of SEM are further discussed: a master-slave approach
and a local symmetric approach. In the first approach, all calculation procedures to generate velocity
fluctuations on the inlet surface are conducted on the master process. The velocity fluctuations obtained
on the master process are then sent to the slave processes that contain part of the inlet surface once every
timestep before the inner iteration starts. Usage of the Message Passing Interface (MPI) is required for
the communication between the master and slave processes. Therefore, the efficiency of this approach
becomes a concern especially when the calculation is conducted on large number of CPU cores. In the
second approach, the SEM procedures are conducted locally on each slave process that contains part of
the inlet surface. No communication is therefore required between processes during the generation of
velocity fluctuations. However, this approach may also have some overheads on specific processes and
thus a parallel performance comparison is necessary.
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